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Three experiments were conducted to assess whether an α-galactosidase supplement improved the utilisation of lupin seeds
by growing and finishing pigs and to determine the best lupin variety in presence of α-galactosidase. In experiment 1, three
iso-nitrogen (iso-N) and iso-net energy (iso-NE) diets containing 15% of soybean meal (SBM diet) or 20% of lupin seeds
(Lupinus albus var. Arès), with or without an α-galactosidase supplement (‘lupin’and ‘lupin + α-gal’diets, respectively), were
ingested by 12 pigs fitted with a caecal canula, following a completely randomized experimental design. The ileal digestibility
of α-galactosides tended to increase with the lupin + α-gal diet. Nitrogen retention of pigs eating the SBM diet was similar
to that of those fed with the lupin + α-gal diet and higher than that observed for pigs given the lupin diet. The results suggested
that α-galactosides are the main anti-nutritional factors in lupin seeds for pigs. The same diets were investigated in a
production trial (experiment 2) involving 48 pigs with a live weight of between 30 and 105 kg. The fattening period was
similar for the SBM and lupin + α-gal diets (107 d) and longer for the lupin diet (123 d). With the lupin diet there was a lower
average daily gain (ADG, -16%) and a higher food conversion ratio (FCR, + 8%) than with the two other diets. The backfat
of pigs fed with lupin-based diets contained fewer polyunsaturated fatty acids (PUFA) and had a lower ω6/ω3 ratio. In
experiment 3, three iso-N and iso-NE diets containing different varieties of lupin (Lupinus albus cv Lublanc and Amiga;
Lupinus angustifolius cv Boltensia) and an α-galactosidase supplement were investigated in 12 pigs fitted with a caecal
canula, as in Exp. 1. The results showed that the digestible protein supply by the Boltensia diet was higher than in the others.
However, the Boltensia variety led to a higher urinary N excretion than the Lublanc variety. The results obtained with Amiga
were intermediate. Consequently, the utilisation of ingested and digested proteins was relatively high with the Lublanc diet,
intermediate with the Amiga diet and low with the Boltensia diet. The results suggested that the Lublanc variety was better
adapted for pig feed that contained an α-galactosidase supplement.
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Amélioration de la valorisation du lupin par le porc grâce à l’adjonction d’α α-galactosidase à l’alimentation et au choix
d’une variété adaptée. Trois expériences ont été menées pour estimer si un supplément d’α-galactosidase améliorait
l’utilisation des graines de lupin par les porcs en croissance – engraissement et pour déterminer la meilleure variété de lupin
en présence d’α-galactosidase. Dans l’expérience 1, trois régimes iso-azotés (iso-N) et iso-énergie nette (iso-NE) contenant
15 % de tourteau de soja (régime SBM) ou 20 % de graines de lupin (Lupinus albus, var. Arès), en présence ou non d’un
supplément d’α-galactosidase (régimes ‘lupin’ et ‘lupin + α-gal’, respectivement), ont été ingérés par 12 porcs munis d’une
canule caecale, selon un dispositif expérimental complètement aléatoire. La digestibilité iléale des α-galactosides tendait à
augmenter avec le régime lupin + α-gal. La rétention azotée des porcs mangeant le régime tourteau de soja était similaire à
  1. INTRODUCTION
Measures taken in accordance with the Common
Agricultural Policy (CAP) of the European Union
(EU) have adversely affected protein-rich plant for
cereal production. In 2003, the EU (25 countries)
produced between 5 and 6 Mt of plant proteins
(excluding fresh forage), but the amount that was used
in animal feed was higher than 25 Mt equivalent
protein (UNIP, 2004). The deficiency in plant protein
production in the EU therefore exceeds 75%, which
means that large imports are needed, notably of
soybean meal (SBM, 30.5 Mt), to ensure well-
balanced feed for livestock.
Lupin contains more proteins (36% DM) than pea
(24% DM) or faba bean (28% DM) and is therefore
more suitable for replacing SBM in EU livestock feed.
It is also a good main crop in crop rotation, enhancing
biodiversity and, like all leguminous crops, not
requiring N fertilizers and having a low energy cost.
Low-alkaloid varieties have already been selected, but
all lupin varieties contain α-galactosides such as
raffinose, stachiose and verbascose (Veldman et al.,
1993) that are not digested in the small intestine of
pigs due to the lack of α-galactosidase in the digestive
secretions (Carré et al., 1985) and are therefore likely
to interfere with nutrient absorption (Gdala et al.,
1997) and to induce flatulence problems due to their
fermentation in the colon (Delzenne, Robertfroid,
1994). Our research addressed the problems related to
α-galactosides for growing and finishing pigs.
The first trial investigated the effects of a partial
substitution of SBM by white lupin seeds (Lupinus
albus var. Arès), with or without an α-galactosidase
supplement, on the ileal and faecal apparent
digestibility of nutrients and on nitrogen (N) retention
of animals. The same diets were later used in a
production trial involving pigs with a live weight of
between 30 and 105 kg and whose zootechnical
performance and carcass quality were monitored. A
third trial sought to compare the nutritional value of
three lupin varieties (Lupinus albus var. Lublanc and
Amiga, and Lupinus angustifolius var. Boltensia), that
produce high yields in EU countries, when the diets
contain an α-galactosidase supplement.
2. MATERIALAND METHODS
2.1. Experiment 1
Experimental scheme. Twelve Pietrain × Landrace
castrated pigs (37.4 ± 1.16 kg), fitted with a caecal
canula and kept in digestibility cages, were put into
three homogenous groups, each receiving a different
diet (Table 1), following a completely randomized
experimental design. The wheat-based diets differed in
the protein source (‘SBM diet’ or ‘lupin diet’) and in
the presence or not of an α-galactosidase supplement
(‘lupin’ or ‘lupin + α-gal’). The diets were iso-N and
iso-net energy (NE) and had a similar nutritional value
according to the Dutch system (CVB, 1999). The diets
were mixed with water (1/1 v/v) and distributed in two
equal meals, at 08h00 and 20h00, at a daily intake
level of 90 g kg-0.75 d-1 DM. The α-galactosidase (EC
3.2.1.22 – Roche Vitamins NV, Deinze, Belgium –
Alpha-Gal 1000 L), provided in a liquid form, was
diluted in water (40 g of 1000 GALU* g-1 in 49,960 L
of water, equivalent to 800 GALU kg-1 of feed) and
conserved in a cold room (4°C) before being mixed
into the feed of pigs receiving the lupin + α-gal diet.
The experiment involved seven days of animal adap-
tation to the feed, followed by nine days of urine and
faeces collection and two days for intestinal content
sampling. All urine was collected, filtrated and weighed
every morning for each animal before sampling
226 Biotechnol. Agron. Soc. Environ. 2005 9 (4), 225–235 Froidmont E. et al.
celle des animaux nourris avec le régime lupin + α-gal et supérieure à celle observée chez les animaux recevant le régime
lupin. Les résultats suggéraient que les α-galactosides étaient les principaux facteurs antinutritionnels dans la graine de lupin
pour le porc. Les mêmes régimes ont été étudiés dans un essai de production (expérience 2) impliquant 48 porcs dont le poids
vif variait de 30 à 105 kg. La durée d’engraissement était similaire pour les régimes tourteau de soja et lupin + α-gal (107 j),
et plus longue pour le régime lupin (123 j). Avec le régime lupin, nous avons observé un plus faible gain quotidien moyen
(ADG, -16 %) et un indice de consommation supérieur (FCR, +8 %) que pour les deux autres régimes. Le lard dorsal des
animaux nourris avec le régime lupin contenait moins d’acides gras polyinsaturés (PUFA) et avait un rapport ω6/ω3 inférieur.
Dans l’expérience 3, trois régimes iso-N et iso-NE contenant différentes variétés de lupin (Lupinus albus cv Lublanc et
Amiga ; Lupinus angustifolius cv Boltensia) et un supplément d’α-galactosidase ont été étudiés sur 12 porcs munis d’une
canule au caecum, comme dans l’expérience 1. Les résultats montraient que l’apport de protéines digestibles par le régime
Boltensia était supérieur aux autres. Cependant, la variété Boltensia occasionnait une plus forte excrétion d’N urinaire que la
variété Lublanc. Conséquemment, l’utilisation des protéines ingérées et digérées était assez élevée avec le régime Lublanc,
intermédiaire avec le régime Amiga et faible avec le régime Boltensia. Les résultats suggéraient que la variété Lublanc était
la mieux adaptée pour l’alimentation porcine lorsque celle-ci contenait un supplément d’α-galactosidase.
Mots-clés. Lupin, porc, α-galactosides, α-galactosidase, digestibilité iléale, balance azotée.
* GALactosidase Unit = enzyme amount breaking 1mmol p-NPGal
per minute in standard conditions.(100 mL) and freezing. Individual faeces were mixed
daily, sampled and freeze-dried. The intestinal contents
were collected continuously from 08h00 to 20h00.
Three days before the beginning of sampling and
throughout the experiment, chromic sesquioxyde (1.5 g
per meal) was incorporated into the feeds to determine
the nutrient flows in the gastrointestinal tract.
Laboratory analyses. The feeds were ground (1 mm
screen) before analysis of DM, ash, cellulose, fat
(AOAC, 1990), protein (Dumas method, AFNOR V18-
120, 1997), NDF and ADF (Van Soest et al., 1991), α-
galactosides (Gdala et al., 1997) and crude energy.
After thawing and homogenization, total N (Dumas
method, AFNOR V18-120, 1997) was measured in the
urine samples. The faeces were ground (1 mm) before
determining DM, ash, protein (Dumas method, AFNOR
V18-120, 1997) and chromic sesquioxyde (François et al.,
1978). NDF, ADF (Van Soest et al., 1991), cellulose
(AOAC, 1990), α-galactosides (Gdala et al., 1997) and
crude energy were measured in a mixed sample of faeces
excreted by each pig during the first nine days of sampling.
After freeze-drying and grinding (1 mm), the
intestinal contents were gathered from each animal and
analysed for their DM, ash, cellulose (AOAC, 1990),
protein (Dumas method, AFNOR V18-120, 1997),
chromic sesquioxyde (François et al., 1978), crude
energy and α-galactosides (Gdala et al., 1997) content.
Statistics. The statistical analyses followed the GLM
procedure in Minitab software (2000). Nitrogen
retention and faecal apparent digestibility of DM, OM
and N data were analysed using a two-way ANOVA
(diet and day). Ileal digestibility of nutrients and faecal
digestibility of fibres (NDF, ADF, cellulose), fat, crude
energy and α-galactosides – measured after gathering
samples from each animal – were analysed using one-
way  ANOVA (diet). Least square means were
compared using the Tukey test (Minitab).
The degradation of nutrients in the large intestine
was calculated according to the difference in the caecal
and faecal flows.
2.2. Experiment 2
Experimental scheme. Six groups of eight Pietrain
× Landrace pigs (32.3 ± 3.3 kg) were fed with the same
diets used in experiment 1 (two groups of pigs per diet)
during the growing-finishing period. Each group of
animals contained four females and four castrates.
Sawdust was used as litter and the pigs were weighed
at 22, 43, 64, 78, 89, 96, 103, 110, 117, 124, 131 and
138 days. They completed the trial when they reached
a live weight of 105 kg. Average daily gain (ADG) was
calculated throughout the growing-finishing period.
The amount of feed distributed was monitored to
calculate the feed conversion ratio (FCR) per group.
The pigs were slaughtered at a live weight of between
105 and 115 kg and the main traits of carcass quality
were determined on 36 pigs (three females and three
castrates per group).
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Table 1. Composition (%DM), nutritional value (g.kg-1
DM) and ratio of experimental diets (Exp. 1) —
Composition (%MS), valeur nutritive (g.kg-1  MS) et ratio
des régimes expérimentaux (Exp. 1).
SBM diet Lupin diet Lupin +
α α-gal. 
diet
Ingredients
Wheat 73.64 72.73 72.73
Soybean meal 15.04 2.25 2.25
Lupin - 20.18 20.18
Soy fat 1.47 - -
Vitamins and 
mineral mixture1 3.25 3.38 3.38
L-lysine 0.38 0.42 0.42
DL-methionine 0.07 0.11 0.11
Tryptophane - 0.03 0.03
Sodium bicarbonate 0.34 0.90 0.90
Bran 5.80 - -
α-galactosidase, 
GALU kg-1 MS - - 907
Nutritional value
Protein 181.7 181.4 181.4
Cellulose 35.4 42.9 42.9
NDF 152.9 124.5 124.5
ADF 56.4 54.0 54.0
Fat 26.7 31.8 31.8
Starch2 498.5 496.9 496.9
Net energy, kJ2 10627 10574 10574
Ca2 8.8 8.7 8.7
P2 7.5 6.5 6.5
Digestible P2 3.3 3.1 3.1
Ratio2
Protein, g.MJ NE-1 17.14 17.19 17.19
Dig Lysine, 
g.MJ NE-1 0.89 0.89 0.89
Ca.P-1 total 1.17 1.34 1.34
Ca.digestible P-1 2.65 2.79 2.79
Dig Met.Dig Lys-1 0.31 0.31 0.31
Dig Met+Cys.
Dig Lys-1 0.63 0.63 0.63
Dig Trp.Dig Lys-1 0.20 0.20 0.20
Dig Thr.Dig Lys-1 0.64 0.66 0.66
1 Porcomin Focazo 30SP, Radar, Deinze, Belgium. 
Composition (%): Ca 21.5, Na 4.0, Mg 0.4, P 8.5; 
(mg kg-1): Fe 1224, Cu 265, Mn 841, Zn 2008, I 215, Se 6 ;
(UI kg-1): Vit A 266000, Vit D3 66700.
2 According to Dutch feeding standards (CVB, 1999).Laboratory analysis. The carcass quality indicators
used were: carcass yield, pH and conductivity (PQM-
I/Kombi, Intek GmbH, Airchach, Germany), DM
(AFNOR 2001, NF V 04-401), total (AFNOR 2001,
NF V 04-402) and free lipids percentage (AFNOR
2001, NF V 04-403) of the meat (Longissimus dorsi)
and its fatty acid profile (Folch et al., 1957; Collomb,
Buhler, 2000; ISO/IDF, 2002). A complete analysis of
the nutritional value of the feeds was conducted as in
experiment 1.
Statistics. The statistical analyses followed the GLM
procedure in Minitab software (2000). Live weight,
ADG and quality parameters were analysed using a
three-way ANOVA(diet, sex and group). Data on daily
intake and FCR were analysed using a one-way
ANOVA (diet). Least square means were compared
using the Tukey test (Minitab).
2.3. Experiment 3
This experiment was conducted with 12 Pietrain
× Landrace castrated pigs (38.1 ± 3.1 kg) fitted with a
caecal canula. The experimental design was similar to
that used in experiment 1. The diets were iso-N and
iso-NE (Table 2) and differed according to the lupin
variety used (Lupinus albus cv Lublanc and Amiga,
and Lupinus angustifolius cv Boltensia). All the diets
contained a supplement of α-galactosidase (800
GALU.kg-1 of feed). Sampling and analyses were
conducted as in experiment 1.
3. RESULTS AND DISCUSSION
All the procedures used involving the animals were
approved by the Comité d’éthique en expérimentation
animale (protocol CRA 01/08 and CRA 03/11).
3.1. Experiment 1
Digestibility parameters. On the whole digestive tract,
most nutrients tended to be better digested with the
SBM diet than with the lupin-based diets (Table 3).
According to Salgado et al. (2002), the high content of
undigestible NDF in lupin seeds could lead to lower
faecal digestibility of DM, OM and energy. The
addition of α-galactosidase to the lupin diet caused an
additional decline in faecal N digestibility. A separate
analysis of digestibility in the small intestine and in the
large intestine is required to produce a hypothesis.
Ileal apparent digestibility of nutrients was not
influenced significantly by the diets. Apart from DM
and OM, these results agree with those of Salgado et
al. (2002) but not with those of Gdala et al. (1997),
which showed that the addition of α-galactosidase is
likely to increase DM, OM and most amino acids (AA)
digestibility. In agreement with Wiggins (1984), these
authors considered that the presence of α-galactosides
led to a higher osmolarity of the intestinal contents,
affecting the absorption of some nutrients.
Apart from N, there was no difference in the
fermentation of nutrients in the diets. According to
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Table 2. Composition (%DM), nutritional value (g.kg-1
DM) and ratio of experimental diets (Exp. 3) —
Composition (%MS), valeur nutritive (g.kg-1  MS) et ratio
des régimes expérimentaux (Exp. 3).
Lublanc Amiga Boltensia
diet diet diet
Ingredients
Wheat 55.1 58.7 53.1
Lupin Lublanc 22.2 - -
Lupin Amiga - 22.1 -
Lupin Boltensia - - 22.1
Pea 18.2 14.5 19.1
Vitamins and 
mineral mixture 3.2 3.2 3.2
Sodium bicarbonate 0.8 0.8 0.8
Soy fat - - 1.1
Lysine-HCl 0.28 0.32 0.27
Threonine 0.09 0.10 0.11
Methionine 0.10 0.10 0.10
Tryptophane 0.03 0.03 0.03
Nutritional value
Protein 187.2 187.8 187.1
Cellulose 61.5 52.5 62.0
NDF 129.7 127.6 142.5
ADF 71.4 64.6 80.1
Fat 32.8 33.6 33.7
Starch2 477.6 484.9 472.4
Net energy, kJ 2 2528 2530 2522
Ca2 8.6 8.7 8.6
P2 6.3 6.4 6.2
Digestible P2 3.2 3.1 3.2
Ratio2
Protein, g.MJ NE-1 17.71 17.75 17.75
Dig Lysine, 
g.MJ NE-1 0.89 0.89 0.89
Ca.P-1 total 1.36 1.37 1.37
Ca.digestible P-1 2.69 2.73 2.69
Dig Met.Dig Lys-1 0.30 0.30 0.30
Dig Met+ Cys.
Dig Lys-1 0.59 0.60 0.59
Dig Trp.Dig Lys-1 0.19 0.19 0.19
Dig Thr.Dig Lys-1 0.65 0.65 0.65
1 Porcomin Focazo 30SP, Radar, Deinze, Belgium. 
Composition (%): Ca 21.5, Na 4.0, Mg 0.4, P 8.5; 
(mg kg-1): Fe 1224, Cu 265, Mn 841, Zn 2008, I 215, Se 6;
(UI kg-1): Vit A 266000, Vit D3 66700.
2 According to Dutch feeding standards (CVB, 1999).Salgado  et al. (2002), lupin fibres are partially
fermented in the large intestine, which could stimulate
the bacterial growth and thereby cause a higher loss of
faecal N in a microbial form. Despite the addition of
wheat bran to the SBM diet to balance the fibre supply,
we observed a lower N digestibility in the large
intestine with lupin-based diets, which probably
reflected the higher microbial activity in these diets.
However, lupin seeds are rich in soluble fibres that are
easily fermentable (Bach Knudsen, Gonzalez, 2004)
and supply a different type of fibre than bran. The
negative digestibility of fat measured with lupin-based
diets could be explained by a neo-synthesis of bacterial
origin (Noblet, Legoff, 2001).
Nitrogen balance. The diets did not influence the N
intake (Table 4). Faecal N excretion was higher with
lupin-based diets, particularly with the lupin + α-gal
diet. The lupin diet led to a higher urinary N excretion
than the lupin + α-gal diet; the value measured for the
SBM diet was intermediate. The association of lupin
with α-galactosidase reduced urinary N loss by 2.1 g.d-1,
corresponding to 12.8% compared with the lupin diet,
but it also resulted in a higher faecal N excretion. This
observation tends to confirm the likelihood of bacterial
activity being stimulated in the large intestine of pigs
receiving the supplement of α-galactosidase. 
The N retention (g.d-1) of pigs fed with the lupin
diet was lower than that of pigs receiving the SBM diet
(Table 4).  An incorporation level of 20% of white
lupin seeds in growing pigs’ diets was therefore too
high if their zootechnical performance was not to be
affected. This effect probably derived from the α-
galactosides content of the lupin seeds because the
addition of α-galactosidase to this diet resulted in a
similar N retention to that in pigs receiving SBM. The
use of intake proteins (N retention related to N intake)
and digested proteins (N retention related to digested
N) confirmed the greater added value of lupin seeds in
the presence of the enzyme supplement.
The digestion of α α-galactosides. The lupin-based
diets contained more stachiose and verbascose than the
SBM diet, but the raffinose content was similar
(Table 5). The ileal digestibility of α-galactosides was
similar for the SBM and lupin diets and tended to
increase with the lupin + α-gal diet. This reflected the
good activity of the enzyme supplement under our
experimental conditions. In all the diets, a large part of
α-galactosides was digested at the end of the small
intestine, while the pigs did not produce α-
galactosidase (Carré et al., 1985). This observation
could indicate the presence of an active microflora in
the ileum. More work is needed to investigate the
influence of this microflora on the nutritional value of
nutrients, the presence of bacteria often seen as being
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Table 3. Apparent digestibility of nutrients measured in the
different parts of the gastrointestinal tract according to the
diet (Exp. 1) — Digestibilité apparente des nutriments
mesurée au niveau des différentes parties du tractus digestif,
en fonction du régime (Exp. 1).
Apparent digestibility, % intake
Diet
SBM lupin lupin +  SEM P
α α-gal
Whole tract
DM 87.3 87.2 86.9 0.1 0.123
OM 89.4a 88.7b 88.5b 0.1 0.001
N 90.4a 87.1b 85.4c 0.2 0.001
Cellulose 36.1 35.5 36.2 1.9 0.904
NDF 59.4a 51.8b 52.7b 1.8 0.005
ADF 47.0a 38.0b 38.8ab 1.3 0.038
Fat 61.6a 56.0ab 48.1b 1.6 0.031
Energy 87.9a 86.6ab 85.5b 0.2 0.005
Small intestine
DM 64.9 66.0 66.4 0.7 0.652
OM 69.1 69.7 70.0 0.5 0.746
N 67.9 69.4 69.7 1.6 0.890
Cellulose -10.4a 2.8b 5.4b 2.1 0.011
NDF 22.5 16.1 19.3 1.6 0.233
ADF 8.0 0.5 3.3 2.1 0.332
Fat 58.2 56.7 48.0 1.7 0.058
Energy 66.1 66.8 66.6 0.7 0.907
Large intestine
DM 22.4 21.2 20.5 0.7 0.528
OM 20.4 19.0 18.5 0.5 0.369
N 22.5 17.7 15.8 1.7 0.303
Cellulose 46.5 32.6 32.3 3.9 0.286
NDF 36.9 35.6 33.4 2.4 0.855
ADF 39.0 37.5 35.6 3.7 0.934
Fat 3.4 -0.8 0.1 2.3 0.734
Energy 21.8 19.8 19.0 0.7 0.268
a,b,c Within a row, means lacking a common superscript letter differ 
(P < 0.05).
Table 4. Nitrogen balance of pigs according to the source of
dietary proteins (Exp. 1) — Bilan azoté des porcs en
fonction de l’origine des protéines du régime (Exp 1).
Diet
SBM lupin lupin +  SEM P
Nitrogen α α-gal
Intake, g.d-1 39.69 39.72 39.72 - -
Faecal, g.d-1 3.82a 5.13b 5.70c 0.06 0.001
Urinary, g.d-1 14.84ab 16.07a 14.01b 0.28 0.019
Retained
g.d-1 21.04a 18.52b 20.01ab 0.25 0.001
% N intake 53.01a 46.62b 50.38ab 0.63 0.001
% N digested 58.73a 53.53b 58.85a 0.76 0.006
a,b,c Within a row, means lacking a common superscript letter differ 
(P < 0.05).limited to the large intestine. The digestibility of
raffinose and stachiose was complete at the end of the
digestive tract, but the verbascose was still present in
very small amounts in the faeces. Despite a significant
ingestion of α-galactosides, the pigs receiving the
lupin diet had no digestive problems.
3.2. Experiment 2
Growth performances. In all the diets, the weight of
the pigs at the beginning and at the end of the trial was
similar (Table 6). However, the fattening period
increased significantly with the lupin diet compared
with the SBM and lupin + α-gal diets. The ADG for
the whole trial was lower with the lupin diet. This
could stem partly from the lower ingestion of this diet,
but the FCR was also higher in this diet than in the
other two diets. This suggests that lupin was poorly
used when it is not associated with α-galactosidase.
The live weight evolution showed that the harmful
effect of α-galactosides occurred mainly during the
first part of the animal’s growth, up to a live weight of
55 kg, and that the weight difference persisted
afterwards. The initial and final weights of the pigs,
the fattening period and the ADG were not influenced
significantly by animal gender (Table 6).
Carcass quality. Slaughter and carcass quality
parameters were not influenced by diet (Table 7) or
gender (P> 0.05, apart from the pH at 24 h, which was
lower by 0.107 units for castrates). The absence of a
diet effect could be explained by their similar
nutritional value. Roth-Maier et al. (2004) showed
previously that carcass characteristics were not
affected by lupin inclusion (20% DM) or by lupin
variety used for pig feed.
Apart from the ω6/ω3 ratio, the diet did not
influence the fatty acid profile of the meat. The backfat
of the pigs receiving the lupin-based diets contained
more monounsaturated fatty acids (MUFA) and fewer
polyunsaturated fatty acids (PUFA) (Table 8) than
pigs given the SBM diet. As suggested by Mourot
(2001), this modification reflected the composition of
dietary fat; the fat of lupin seeds being characterized
by a high concentration of C18:1, while the soy fat
used in the control diet was rich in C18:2. According
to Warnants et al. (2001), the stability of the fatty acid
profile of the meat could be explain by the fact that
PUFA are more easily incorporated in lumps of fat, as
backfat, than in intra-muscular fat.
For humans, a healthy diet requires limiting the
ingestion of saturated fatty acids (SFA) in favour of
PUFA. However, it is not always possible to set up an
optimal fatty acid profile for human health and for
technological requirements. According to Warnants
et al. (2001), the optimal PUFA/SFA ratio for backfat
transformation (sausages, etc.) should be 0.6-0.7. Such
values were observed for pigs receiving the lupin-
based diets but not for those receiving the SBM diet
(0.91). From a technical point of view, such a high
ratio indicates significant risks of fat oxidation and
rancidness. Girard et al. (1988) considered that the
C18:2 of backfat should not exceed 12–15% of total
fatty acids to ensure good transformation and
conservation. Lebret and Mourot (1998) recommended
distributing a rich SFA diet to finishing animals in
order to reduce the C18:2 content of backfat.
The ω6/ω3 ratio was higher in the intra-muscular
fat than in the backfat of pigs fed with the SBM diet
(Table 8). This reflects a high content of C18:2 (n-3)
in soy fat compared with lupin fat. Human food is also
rich in ω6 and the use of lupin seeds in pig feed instead
of soy protein could therefore be interesting.
3.3. Experiment 3
Digestibility parameters. The intestinal digestibility
of N and fat was lower for the white lupin-based diets
than for the Boltensia diet (Table 9). As suggested by
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Table 5. Supply and apparent digestibility of α-galactosides
(Exp. 1) — Apport et digestibilité apparente des α-
galactosides (Exp. 1).
Diet
SBM lupin lupin +  SEM P
α α-gal
Dietary supply, g.d-1
Raffinose 6.4 6.5 6.5 - -
Stachiose 12.0 20.1 20.1 - -
Verbascose 1.0 2.6 2.6 - -
Digestible supply, g.d-1
Raffinose 6.0 5.8 6.2 0.07 0.101
Stachiose 11.2a 18.4b 19.4c 0.16 0.001
Verbascose 0.8a 2.1b 2.4c 0.03 0.001
Ileal digestibility, %
Raffinose 94.1 89.0 95.5 1.11 0.072
Stachiose 93.3 88.8 95.4 1.19 0.103
Verbascose 86.5 73.2 82.6 2.40 0.085
Ileal flows, g.d-1
Raffinose 0.38 0.71 0.30 0.07 0.007
Stachiose 0.80ab 1.68a 0.63b 0.16 0.035
Verbascose 0.13a 0.42b 0.21a 0.03 0.002
Large intestine
digestibility, % of
ileal flows
Raffinose 99.8 99.5 99.5 0.04 0.052
Stachiose 100 100 100 --
Verbascose 100 100 100 - -
a,b,c Within a row, means lacking a common superscript letter differ 
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Gdala et al. (1999), protein digestibility should vary
greatly among cultivars, especially for blue lupins.
In the large intestine, the fibres supplied by the
Boltensia diet were better degraded than the fibres
from the white lupin-based diets. This explained the
differences observed in fibre digestibility in the whole
tract. Blue lupins contain more fibres than white lupins
because of a higher proportion of hulls, indicated by a
lower 1000-seed-weight (236.0 and 247.3 g for
Lublanc and Amiga, respectively, and 115.5 g for
Boltensia). Alarge variability among cultivars in terms
of fibre composition is noted in the literature (Gdala
et al., 1996). Blue lupins differ from white lupins in
their richness in non-cellulosic polysaccharides (Bach
Knudsen, Gonzalez, 2004) and in cellulose (Cherrière
et al., 2003). These characteristics could explain the
better degradability in the large intestine of fibres
supplied by the Boltensia diet.
Nitrogen balance. The N intake varied slightly among
the diets (P < 0.05) due to variations in feed
composition (Table 10). Faecal N excretion also
differed among the diets. However, the part of the N
intake excreted in the faeces in both white lupin-based
diets was similar and higher than that in the Boltensia
diet. This observation confirmed that proteins supplied
by blue lupins were better digested than those of white
lupins.
Unlike the faecal N flows, urinary N excretion was
higher with the Boltensia diet than with the Amiga and
Lublanc diets. The variation in N intake does not
explain this difference, and the reason why digestible
N in the Boltensia diet was less used remains unclear.
This observation contradicts the results obtained by
Bach Knudsen and Gonzalez (2004), which showed
that, in rats, the biological value and the net utilisation
of proteins were higher for blue lupins than for white
Table 6. Zootechnical performances of the pigs according to the diets (Exp. 2) — Performances zootechniques des porcs en
fonction des régimes (Exp. 2).
Diet
SBM lupin lupin +  SEM P diet P sex P diet x sex
α α-gal
Initial weight, kg 32.4 32.0 32.0 0.18 0.462 0.565 0.562
Final weight, kg 108.4 106.8 106.9 0.41 0.280 0.755 0.510
Fattening length, d 104.3a 122.7b 110.4a 2.06 0.005 0.080 0.833
ADG, kg d-1 0.742a 0.613b 0.684a 0.01 0.001 0.228 0.943
Ingestion, kg d-1 DM 2.230a 2.035b 2.130ab 0.02 0.040 - -
FCR 3.080a 3.355b 3.140a 0.01 0.004 - -
a,b Within a row, means lacking a common superscript letter differ (P < 0.05).
Table 7. Slaughter parameters, carcass quality and characteristics of the meat and the backfat according to the diets (Exp.
2) — Paramètres d’abattage, qualité de la carcasse et caractéristiques de la viande et du lard dorsal en fonction des régimes
(Exp. 2).
Diet
SBM lupin lupin +  SEM P diet P sex P diet x sex
α α-gal
Weight of warm carcass, kg 92.0 90.0 90.5 0.64 0.477 0.243 0.401
Carcass yield, % 82.6 82.1 82.2 0.19 0.624 0.127 0.677
pH at 45 minutes 6.26 6.25 6.13 0.05 0.493 0.766 0.582
Conductivity at 45 minutes 4.53 4.18 4.15 0.07 0.099 0.791 0.056
pH at 24 hours 5.49 5.56 5.49 0.02 0.314 0.028 0.293
Meat characteristics
DM (%) 25.77 26.15 26.03 0.14 0.544 0.040 0.899
Free fatty acids, % meat 1.54 1.93 1.68 0.46 0.519 0.349 0.777
Total fatty acids, % meat 1.85 2.22 1.99 0.46 0.567 0.366 0.761
Backfat characteristics
DM (%) 89.04 87.97 88.23 0.40 0.571 0.062 0.874
Free fatty acids, % backfat 84.83 83.99 84.39 0.54 0.808 0.024 0.841
Total fatty acids, % backfat 88.23 84.08 84.59 0.54 0.801 0.026 0.870lupins. However, our results are in agreement with the
study of Rahman et al. (1997) mentioning unexplained
disturbances in N metabolism and a low retention
value of the absorbed N with diets containing blue
lupins in rats.
Finally, the N retention (g.d-1) was lower with the
Amiga and Boltensia diets than with the Lublanc diet
(Table 10). This also contradicts the findings of
several studies, suggesting that white lupins do not
lead to good zootechnical performance in growing-
finishing pigs, compared with blue lupins (Gdala et al.,
1996, Dunshea et al., 2001). However, none of these
studies compared both type of lupins in the presence of
an α-galactosidase supplement. The reasons given by
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Table 8. Fatty acid profile (% total fatty acids) of the meat and the backfat (Exp. 2) — Composition en acides gras (% des
acides gras totaux) de la viande et du lard dorsal (Exp. 2).
Diet
SBM lupin lupin +  SEM P diet P sex P diet × × sex
α α-gal
Meat
C14:0 2.78 2.22 2.27 0.15 0.288 0.057 0.664
C14:1 0.57 0.51 0.43 0.04 0.358 0.639 0.073
C16:0 24.05 23.43 23.53 0.20 0.432 0.143 0.582
C16:1 2.94 3.34 3.21 0.09 0.231 0.026 0.671
C18:0 11.66 11.17 11.23 0.14 0.343 0.055 0.499
C18:1 42.55 44.96 43.69 0.53 0.228 0.382 0.147
C18:2 10.58 8.84 10.18 0.35 0.144 0.150 0.051
C18:3 0.66 0.80 0.83 0.03 0.052 0.001 0.811
C20:1 0.53 0.67 0.60 0.02 0.066 0.129 0.466
C20:2 0.32 0.58 0.41 0.06 0.212 0.449 0.131
C20:4 1.92 1.87 2.18 0.16 0.701 0.509 0.354
C20:5 0.55 0.74 0.60 0.09 0.714 0.127 0.572
Saturated fatty acids 38.97 37.41 37.54 0.38 0.239 0.535 0.558
Monounsaturated fatty acids46.59 49.48 47.94 0.54 0.131 0.250 0.166
Polyunsaturated fatty acids 14.44 13.11 14.52 0.56 0.539 0.133 0.079
PUFA/SFA 0.38 0.35 0.39 0.02 0.682 0.097 0.132
ω6/ω3x 17.55a 11.08b 12.38b 0.58 0.001 0.043 0.003
ω6/ω3y 12.50a 8.53b 9.64ab 0.49 0.038 0.011 0.027
Backfat
C14:0 1.31 1.23 1.31 0.02 0.236 0.001 0.086
C14:1 0.03 0.82 0.05 0.27 0.423 0.363 0.433
C16:0 16.08 16.15 17.73 0.33 0.107 0.149 0.242
C16:1 2.10 2.45 2.27 0.07 0.145 0.022 0.226
C18:0 7.06 6.43 7.68 0.21 0.071 0.848 0.112
C18:1 50.64a 56.17b 54.11b 0.34 0.001 0.246 0.007
C18:2 18.84a 12.17b 12.50b 0.32 0.001 0.001 0.609
C18:3 1.55 1.70 1.72 0.03 0.119 0.003 0.932
C20:1 0.76a 1.30b 1.28b 0.02 0.001 0.385 0.102
C20:2 0.77a 0.49b 0.48b 0.02 0.001 0.008 0.976
C20:4 0.35a 0.23b 0.28b 0.01 0.001 0.001 0.308
C20:5 0.06 0.05 0.06 0.01 0.935 0.421 0.458
Saturated fatty acids 24.80 24.56 27.18 0.48 0.079 0.141 0.158
Monounsaturated fatty acids53.54a 60.74b 57.70c 0.39 0.001 0.054 0.013
Polyunsaturated fatty acids 21.66a 14.70b 15.12b 0.37 0.001 0.001 0.643
PUFA/SFA 0.91a 0.62b 0.57b 0.03 0.001 0.015 0.908
ω6/ω3x 12.42a 7.36b 7.48b 0.12 0.001 0.093 0.811
ω6/ω3y 12.05a 7.12b 7.26b 0.12 0.001 0.115 0.749
a,b,c Within a row, means lacking a common superscript letter differ (P < 0.05).
x = C18:2 (n-6) / C18:3 (n-3).
y = [C18:2 (n-6) + C20:2 (n-6) + C20:3 (n-6) + C20:4 (n-6)] / [C18:3 (n-3) + C20:5 (n-3)].the authors also tend to vary and focus on the variety
characteristics related to the composition and the
physico-chemical properties of fibres (Dunshea et al.,
2001), the presence of α-galactosides (Cherrière et al.,
2003), lysine availability (Batterham et al., 1986,
Gdala  et al., 1996) or a residual trace of alkaloids
(Gdala  et al., 1996). For the Amiga diet, the lower
supply of digestible protein in the small intestine
largely explained the drop in growth performance. The
difference between the Lublanc and Boltensia diets is
probably connected to the use of nutrients arriving in
the blood stream. Parts of ingested and digested N
retained by the pigs confirmed the better performance
obtained with the Lublanc diet.
The digestion of α α-galactosides. The Boltensia diet
supplied lower amounts of α-galactosides than white
lupin-based diets (Table 11). In agreement with the
findings reported by Cherrière et al. (2003), blue
lupin was poorer in stachiose than the white
varieties, but similar in its raffinose and verbascose
content. Surprisingly, the caecal flows of α-
galactosides were higher with the Boltensia diet,
reflecting less degradation of these molecules due to
less activity of the enzyme or lower fermentation of
α-galactosides at the end of the small intestine. The
major difference between the white lupin-based diets
and the Boltensia diet stemmed from the physico-
chemical properties of the fibres. It is possible that
the transit time of the digesta was reduced with blue
lupins because of a lower OM digestibility in the
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Table 9. Apparent digestibility of nutrients measured in the
different parts of the gastrointestinal tract according to the
diet (Exp. 3) — Digestibilité apparente des nutriments
mesurée dans les différentes parties du tractus digestif en
fonction du régime (Exp. 3).
Apparent digestibility, % intake
Diet
Boltensia Amiga Lublanc SEM P
Whole tract
DM 86.5a 85.6b 84.6b 0.11 0.001
OM 88.9a 87.5b 86.6c 0.11 0.001
N 86.5a 83.8b 83.7b 0.20 0.001
Cellulose 57.6a 39.2ab 34.3b 3.12 0.032
NDF 65.1a 54.2b 50.4b 1.56 0.010
ADF 59.3a 39.4b 33.6b 2.91 0.014
Fat 82.2a 73.8b 75.6b 0.77 0.004
Energy 86.9a 73.8b 75.6b 0.30 0.019
Small intestine
DM 65.6 70.2 67.7 0.87 0.115
OM 68.4a 74.0b 70.9ab 0.64 0.006
N 78.8a 70.3b 72.3ab 1.31 0.039
Cellulose -1.4 3.2 -6.1 2.46 0.348
NDF 13.0 22.6 14.8 1.80 0.123
ADF -3.8 2.9 -5.5 2.56 0.400
Fat 78.5a 59.2b 62.4b 1.70 0.003
Energy 65.7 68.8 65.3 1.07 0.385
Large intestine
DM 21.0a 15.3b 16.9ab 0.81 0.049
OM 20.5a 13.5b 15.7b 0.57 0.002
N 10.7 16.5 14.3 1.16 0.175
Cellulose 59.1a 36.0b 40.3b 2.20 0.005
NDF 52.0a 31.6b 35.6b 1.23 0.001
ADF 63.1a 36.5b 39.1b 2.01 0.001
Fat 3.8a 14.7b 13.2ab 1.43 0.025
Energy 21.2 16.5 19.0 0.97 0.205
a,b,cWithin a row, means lacking a common superscript letter differ 
(P < 0.05).
Table 10. Nitrogen balance of pigs according to the diets
(Exp. 3) — Bilan azoté des porcs en fonction du régime
(Exp. 3).
Diets
Boltensia Amiga Lublanc ESM P
Nitrogen
Intake, g d-1 41.5a 39.0b 43.4c 0.22 0.001
Faecal, g d-1 5.6a 6.3b 7.1c 0.09 0.001
Faecal/Intake, % 13.5a 16.3b 16.3b 0.2 0.001
Urinary, g d-1 17.4a 14.7b 15.1b 0.27 0.001
Urinary/Intake 42.0a 37.7b 34.6b 0.5 0.001
Retention
g d-1 18.4a 18.0a 21.2b 0.23 0.001
% N intake 44.5a 46.1ab 49.0b 0.57 0.005
% N digested 51.4a 55.0ab 58.6b 0.64 0.001
a,b,c Within a row, means lacking a common superscript letter differ 
(P < 0.05).
Table 11. Intake (g.d-1), caecal flows (g.d-1) and digestibility
(%) of α-galactosides according to the diets (Exp. 3) —
Ingestion (g.j-1), flux caecal (g.j-1) et digestibilité (%) des α-
galactosides en fonction du régime (Exp. 3).
Diets
Boltensia Amiga Lublanc SEM P
Intake
Raffinose 4.96a 5.37ab 5.70b 0.104 0.050
Stachiose 7.36a 10.20b 13.43c 0.208 0.001
Verbascose 3.55a 2.36b 2.87c 0.060 0.001
Caecal flows
Raffinose 0.41a 0.05b 0.12b 0.022 0.001
Stachiose 0.63a 0.11b 0.13b 0.053 0.005
Verbascose 0.76a 0.00b 0.00b 0.069 0.002
Ileal digestibility
Raffinose 91.6a 99.1 97.8 0.461 0.001
Stachiose 91.3a 99.0 99.0 0.543 0.001
Verbascose 78.0a 100.0 100.0 2.081 0.003
a,b,c Within a row, means lacking a common superscript letter differ 
(P < 0.05).small intestine due to its high soluble fibre content.
The resulting flow of the digesta was likely to limit
the access of micro-organisms and to reduce the
action time of the α-galactosidase. The difference
between our results and those reported in the
literature, suggesting that blue lupins are a better
source of protein for growing pigs than white lupins,
could be because these seeds had not been compared
in the presence of an α-galactosidase supplement.
Consequently, the lower amounts of α-galactosides
contained in blue lupins was enough to make it
preferable for use in pig feed, but once these
molecules were neutralized, as in our study, white
lupins resulted in a similar or higher zootechnical
performance, depending on the cultivar.
4. CONCLUSIONS
Our results suggest that α-galactosides are the main
anti-nutritional factors in lupin seeds for growing and
finishing pigs. Once these molecules were neutralized,
it seemed that replacing SBM almost completely by
lupin seeds not only did not reduce N retention in the
pigs, but also improved carcass quality, particularly the
fatty acid profile.
In the presence of an α-galactosidase supplement,
white lupin varieties (Lupinus albus cv. Amiga and
Lublanc) led to a better zootechnical performance than
blue lupin (Lupinus angustifolius var. Boltensia).
Although the reasons were not clear, it appeared that,
despite better intestinal digestibility, proteins supplied
by the Boltensia diet was less used compared to
proteins supplied by white lupins. The fact that blue
lupins are recommended more often for pig feed than
white lupins probably stems from the low α-
galactosides content and from the fact that lupin
species were not compared in the presence of α-
galactosidase. It would be interesting to confirm these
results using a larger number of lupin species and to
investigate methods other than the one involving an
enzymatic supplement, because the cost of including
this supplement is still too high to be competitive in
practical conditions. 
Overall, economical considerations are often difficult
because the interests of using lupin seed in feeding do
not only concern the animal aspects (performances,
products quality improvements) but also the crop
aspects, due to the fact that lupin is a good main crop,
not requiring N fertilizers and having a low energy
cost. These last aspects are not easily calculable. In a
previous paper, we estimated the price of lupin seed
lower to that of soybean meal only when lupin is
grown by the breeders (Froidmont et al., 2004). In the
future, lupin will probably be essentially used in
sectors producing high quality products (good fatty
acid profile, low ω6/ω3 ratio and high technological
specifications) or favouring the utilization of farm
products free from GMO or contaminants.
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